Fluorescence in situ hybridization (FISH) is the most widely used technique to detect HER-2/neu gene amplification; however, it is only available in some institutions. In contrast, chromogenic in situ hybridization (CISH) can be evaluated by routine light microscopy. In endometrial carcinoma there are few data concerning HER-2/neu status and prognosis. Therefore, we determined HER-2/neu gene status by CISH using a digoxigenin-labelled probe on 60 formalin-fixed paraffin-embedded endometrial carcinomas. The data were compared with the immunohistochemistry of HER-2/neu (A0485, TAB250), p53, Ki-67, clinicopathological factors, and survival. By conventional light microscopy, HER-2/neu amplification (X6 copies 450% cancer cells) was detected in 14% (8/59) tumours, HER-2/neu overexpression (410% cells moderate/strong complete membrane staining) in 22% (13/60) for A0485, and 18% (11/60) for TAB250, p53 (410% þ cells) in 61% (36/59), and Ki-67 (450% þ cells) in 50% (30/60). Discordant cases for CISH and immunohistochemistry, as well as all (2 þ ) were further analysed by FISH (Vysis). Among 10 cases (2 þ ) and not amplified by CISH, two showed lowlevel amplification by FISH. Significant correlation was found between amplification and protein overexpression (Pp0.001), and a trend with nonendometrioid type, higher grade, and older age. A better outcome (KaplanMeier) was observed for patients with nonamplified (1-5 copies per nucleus) or low-level (6-10 copies) amplification tumours, low Ki-67 expression, age o50 years, endometrioid type, low FIGO (International Federation of Obstetrics and Gynaecology) grade and stage, superficial myometrial infiltration, and no lymphvascular invasion (Pp0.036), but only as a trend for HER-2/neu protein negative (P ¼ 0.13). Cox analysis revealed age, FIGO grade and stage, myometrial infiltration, and lymph-vascular invasion to be independent prognostic factors (Pp0.05), and a trend for HER-2/neu gene copy number (0.18). In endometrial carcinoma, HER-2/neu gene status can be readily assessed by CISH in routine clinical practice, and it gives more prognostic information than HER-2/neu by immunohistochemistry. FISH analysis in (2 þ ) cases but negative by CISH may detect additional tumours with low-level amplification.
The human epidermal growth factor receptor-2 (HER-2/neu) gene on 17q21, also known as c-erb B2, encodes a 185 kda transmembrane glycoprotein with tyrosine kinase activity. 1 Amplification results
in abnormally large amounts of the nonmutated receptor on the cell surface, leading to autoactivation of the tyrosine kinase domain, activation of signal transduction pathways, cellular proliferation and/or neoplastic transformation. Recently, its involvement in the pathogenesis of a significant number of human tumours has been suggested. [2] [3] [4] [5] [6] Moreover, HER-2/neu has become of special interest due to the reported association with patients' outcome and the potential role for treatment. 3, 4, 7, 8 The development of a novel therapeutic agent (Herceptin) that directly targets the protein has increased the demand for testing HER-2/neu status. 2, 9 Several techniques have been used to detect HER-2/neu abnormalities. Analysis of the amount of protein can be accomplished by ELISA, Western blot, Northern blot, or immunohistochemistry, which is the most frequently used. Gene copy number can be evaluated by FISH, PCR, dot-blot hybridization, or Southern blot. 5, 7, [10] [11] [12] [13] However, the majority of these methods are recommended as complementary to assess gene status in doubtful cases by immunohistochemistry, and they are only available in some laboratories. 11, [13] [14] [15] Thus, there is currently a need of new methods for routine clinical practice. Recently, a modification of the FISH technique, the so-called chromogenic in situ hybridization (CISH), has been described by Tanner et al, 16 which enables the detection of HER-2/neu gene copies with the conventional peroxidase reaction.
Overall, HER-2/neu amplification and/or overexpression detected by any of the above-mentioned methods have been reported in about one-fourth of breast 3, [11] [12] [13] and ovarian cancers, 2 prostate, 6 and lung neoplasias, 5 among others. In patients with endometrial carcinoma, a consensus with regard to levels, correlation with clinicopathologic factors, and predictive value of HER-2/neu alterations has not been reached. Overexpression has been seen in 4-69% of the cases. 10, [17] [18] [19] [20] [21] [22] [23] [24] [25] Currently, molecular and clinical outcomes studies addressing gene alterations in this neoplasia are limited. 10, 20, 21, 23 Deregulation of the mechanisms controlling cell proliferation and apoptosis is known to occur in malignant neoplasms. Recent data on p53 and Ki-67, which are involved in these processes, have merged as valuable prognostic tools. 26 p53 tumour suppressor gene (17p13) encodes a nuclear phosphoprotein that controls the progression of the cell cycle, as well as apoptosis. Alteration either by mutation or/and deletion, leading to intranuclear protein accumulation in the vast majority of the cases, has been detected in over 50% of tumours. Contribution to neoplastic progression and more aggressive biologic behaviour has been suggested. 17, 19, [24] [25] [26] [27] [28] Ki-67 protein is present in the nucleus of cells that are actively undergoing proliferation (not in G0 or early G1). 29 In several neoplasias, the levels of protein expression correlate well with other proliferation markers (eg mitotic count, S-phase, PCNA, cyclin A and B1), tumour growth, 17 and occasionally with prognosis. [28] [29] [30] We, therefore, studied the amplification status of the HER-2/neu gene by CISH from 60 archival specimens of endometrial carcinoma. The results were compared with the corresponding HER-2/neu (A0485 and TAB250), p53, and Ki-67 protein expression determined by immunohistochemistry, several clinicopathologic factors, and the outcome. In addition, discordant cases by CISH and immunohistochemistry were further analysed by FISH.
Materials and methods
We selected 60 primary endometrial carcinomas (30  FIGO stage I-II and 30 stage III-IV) Endometrioid carcinomas having at least 10% of another cell type were classified as mixed. 31 In addition, mixed tumours with more than 50% of papillary serous carcinoma component were included in the category of pure papillary serous carcinoma. Histologic grade and stage were assigned according to the FIGO criteria. 32 Follow-up was available in 58 (96.7%) patients (median 1590 days).
Chromogenic In Situ Hybridization (CISH)
All haematoxylin and eosin slides were reviewed in each case, and one to two representative tumour tissue blocks were selected for CISH and immunohistochemical analyses.
Sections of 4 mm were cut from archival tissue, which had been fixed in buffered formalin and embedded in paraffin. The sections were deparaffinized and pretreated with TRS6 (DAKO) in a microwave oven at 971C for 15 min. After 30 min at room temperature to cool down, and a brief rinsing with Tris-buffered saline (0.05 mol/l Tris/HCl saline, pH 7.4-7.6), the slides were incubated with 0.2% Protease E (Merck) at 371C, followed by rinsing with TRIS-buffered saline, 10 min incubation with 4% formaldehyde, washing with distilled water, 10 min with Triethanolamin, fresh rinsing with distilled water, and dehydrating with graded ethanols. The digoxigenin-labelled HER-2/neu probe (doublestranded) (Zymed) was applied onto the slides, covered with coverslips, and denatured at 941C for 3 min. The hybridization was performed overnight at 371C. The slides were then washed for 3 Â 5 min with 2 Â standard saline citrate (SSC) at 651C, and for 3 Â 5 min with 0.1 Â SSC at 451C, followed by a brief rinsing with 0.05% TRIS-buffered with Brij 35-Solution (Merck). Immunodetection was performed by the labelled avidin-biotin complex peroxidase system (Elite kit; Vector Lab.; Burlingame, CA, USA), with antidigoxigenin (1 : 150, 1 h; Roche) and fast red (NovaRED; Vector) as a chromogen, according to the manufacturer's instructions. Finally, sections were lightly counterstained with haematoxylin and covered with VectaMount (Vector).
HER-2/neu gene signals were scored in histological sections, in at least 150 neoplastic cells, using a conventional microscope (Zeiss). Tumours were classified, depending on the number of gene copies in the nuclei, as normal (1-5 copies) and amplified (X6 copies or when large gene copy clusters were seen in at least 50%). In addition, amplified tumours were classified as low-level (6-10 copies) or high level (410 copies). 16 
FISH
HER-2/neu probes were purchased from Vysis (Stuttgart-Fasanenhof, Germany). They are dualcolour probes containing a mixture of spectrum orange-labelled HER-2/neu gene (17q11.2-q12) probe, and spectrum green-labelled centromere control for chromosome 17 (17p11.1-q11.1), which allows a simultaneous determination of the gene and chromosome 17 copies.
Tissue sections 4 mm were placed onto slides, airdried, and baked overnight at 561C. Slides were dewaxed in xylene for 3 Â 10 min, and then immersed in 100% ethanol for 2 Â 5 min. Air-dried tissue sections were treated in 1 mol/l NaSCN, incubated for 30 min at 801C, washed with Aqua bidest, and treated in a pepsine solution (8 mg/ml H 2 O; pH 2.0) for 30 min at 371C. Slides were warmed at 801C for 20 min, and between 10 and 20 ml of the hybridization mixture (Vysis, Inc) was applied onto the slides, and denaturation was performed at 801C for 10 min. The hybridization was performed overnight at 371C in a moist chamber. Excess of the probes was washed in 0.1 Â SCC at 421C 3 Â 10 min. Nuclei were counterstained with DAPI/Vectashield.
For the scoring, a Zeiss Axioscope fluorescence microscope (Carl Zeiss Inc., Jena, Germany) was used, equipped with a specially designed filter combination for spectrum green and spectrum orange (Vysis, Inc., Downers Grove, IL, USA). Hybridization signals were scored in at least 120-150 intact non-overlapping nuclei. The ratio of HER-2/neu signals per nuclei relative to chromosome 17 centromere signals was calculated in order to avoid the contribution of chromosome 17 polysomy. 12 Ratios o2 were considered as no amplification.
Tumours with ratios between 2 and 5 were classified as low-level amplification, and if 45 as high-level amplification. 16 
Immunohistochemistry
Immunohistochemical analyses were performed on 4 mm sections according to standard procedures. Table 1 gives the antibodies, clones, sources, pretreatments, methods, working dilutions, and incubation times. HER-2/neu immunostaining was detected with polyclonal (A0485) (DAKO) and a monoclonal antibodies (TAB250) (Zymed), which react against the HER-2/neu oncoprotein in the cell membrane; p53 (DAKO) antibody recognizes an epitope in the N-terminus of the human p53 protein (both wild-type and mutant); and MIB-1 (Dianova) is a monoclonal antibody that reacts against the intranuclear antigen Ki-67 present in all active phases of the cell cycle.
After pretreatment (see Table 1 ) the slides were rinsed in TRIS-buffered saline (0.05 mol/l Tris/HCl saline, pH 7.4-7.6) for 2 Â 5 min. Endogenous peroxidase activity was blocked by incubation with 10% H 2 O 2 for 10 min, followed by 10 min in water. Sections were immersed in Tris-buffered saline for 2 Â 5 min. The primary antibodies were visualized using the LSAB system (DAKO LSAB kit; Dako Corp.) for A0485, TAB250, and p53; and the alkaline phosphatase-antialkaline phosphatase system (DAKO; Glostrup, Denmark) for MIB-1. In negative controls, the first antibody was omitted. After a brief rinsing in 0.05% Tris-buffered in 35-Brij Solution (Merck), sections were immersed in 3-amino-9-ethylcarbazole substrate (Sigma) for 15 min, and then lightly counterstained with haematoxylin and coverslipped with Glycergel (Merck, Darmstadt, Germany).
Interpretation of Immunohistochemical Staining
Immunostaining for HER-2/neu protein (A0485 and TAB250) was observed in the membrane and occasionally in the cytoplasm. Only membranous staining was scored according to the criteria given by the manufacturer (DAKO HercepTest) as follows: HER-2/neu in endometrial carcinoma G Peiró et al positive staining was considered when at least 10% of neoplastic cells showed complete membrane staining, either weak/moderate (2 þ ) or strong (3 þ ). A negative score was given when focal (o10%), and/or faint (1 þ ), or absent (0). We used the hot spot method (the area with the most intense staining) for Ki-67, according to the approach of previous studies. 28 We scored the percentage of positive nuclei in approximately 1000 neoplastic cells per slide, subdivided in 10 randomly chosen fields, at Â 400 magnification. Three groups were classified as follows: absence or negative (o10%), low (10-50%), and high (450%) protein levels. A simple dichotomous scoring system was used for p53: a cutoff value of 10% nuclear staining was chosen to separate the negative (normal) from the positive (abnormal/overexpression). Intensity was not taken into account for the scoring, since the majority of the cases stained strongly.
As positive control slides, neoplastic breast tissue known to be positive for the expression of HER-2/neu, p53, or Ki-67 proteins was used. Specimens in which tumour cells as well as normal control cells were completely negative were excluded from the analysis.
Statistical Analyses
Associations between the expression of the different proteins and several clinicopathologic features were calculated using the w 2 test or Fisher's exact test, as appropriate. Survival curves were plotted using the Kaplan-Meier method, and log-rank tests were performed to determine statistical differences between life tables.
A Cox proportional hazard model was used to asses the effect of the several tumour variables on overall survival. For all calculations, SPSS-10 statistical software (SPSS Inc., Chicago, IL, USA) was used. The level of significance was set at 0.05. Table 2 shows the correlation between clinicopathologic factors, CISH, and immunohistochemical data. Immunohistochemical results were scored independently by two pathologists (DM and GP). All discordant cases were restained (either by CISH or immunohistochemistry) and reviewed together to reach an agreement. 
Results
CISH= chromogenic in situ hybridization; Endom= endometrioid type; neg= negative; pos= positive (moderate/strong membrane staining X10% of tumour cells); myom invas= myometrial invasion; NS= not significant; LVI= lymph-vascular invasion; ND= non definitive.
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Tumours were classified into two groups: (1) endometrioid type (41 pure endometrioid, one mixed endometrioid and mucinous, one mixed endometrioid and secretory, and two mixed malignant Mü llerian tumours owing to the presence of endometrioid characteristics (45/60; 75%)) and (2) special variants (12 papillary serous carcinomas, one clear-cell carcinoma, one mixed clear-cell and endometrioid carcinoma, and one mixed papillary serous and clear-cell carcinoma (15/60; 25%)). Grade 1 was given in 15% (n ¼ 9), grade 2 in 37% (n ¼ 22), and grade 3 in 48% (n ¼ 29). In all, 30 patients were in low FIGO stage (43% (n ¼ 26) in stage I, and 7% (n ¼ 4) in stage II), and 30 in advanced stage (32% (n ¼ 19) in stage III; and 18% (n ¼ 11) in stage IV). Myometrial invasion in 450% of the wall was seen in 43% (24/60), and presence of lymph-vascular invasion in 52% (31/60). Patients' age was 450 years in 68% (mean 60 years).
HER-2/neu Gene Status
Using a standard light microscope, satisfactory analysis of HER-2/neu gene by CISH was possible in 59 (98.3%). specimens. Although with this technique a semiquantitative evaluation of the signals could be easily performed, we enumerated neoplastic nuclei (in at least 120), following the methodology of previous studies. In all cases with available adjacent endometrium for the evaluation, the gene copy number was normal in the glands, as well as in the stromal cells. In 51 (86%) tumours, the gene copy number of the neoplastic cells was normal, and in eight (14%) tumours amplification (X6 copies in 450% of cancer cells) was detected. Among amplified tumours, five contained 410 copies in 450% of cancer cells (Figure 1a) .
We observed only a trend of correlation between gene amplification (by CISH) and nonendometrioid type (4/15; 27%; P ¼ 0.08), grade 3 tumours (6/29; 21%; P ¼ 0.2), and older age (7/40; 18%; P ¼ 0.2) (See Table 2 ).
Protein Expression of HER-2/neu (A0485 and TAB250)
Overexpression of HER-2/neu (410% þ cells with moderate or strong complete membrane staining) was seen in 22% (13/60) for A0485, and 18% (11/60) for TAB250 (Figure 1b) . Occasionally, we observed scattered and light positivity in normal endometrial or stromal cells. A highly significant correlation was found between HER-2/neu protein levels detected HER-2/neu in endometrial carcinoma G Peiró et al by A0405 and TAB250: 45 cases were negative and nine positive by both antibodies (90%). Six (10%) were discordant: four positive by A0485 and negative by TAB250; and two negative by A0485 that were positive by TAB250 (Po0.0001).
HER-2/neu (A0485) overexpression correlated significantly with the presence of lymph-vascular invasion (10/31; 32%; P ¼ 0.04), but only as a trend with older age of the patients (450 years) (11/41; 27%; P ¼ 0.15), nonendometrioid (5/15; 33%) vs endometrioid type (8/45; 18%) (P ¼ 0.2), and FIGO grade 3 (10/29; 35%; P ¼ 0.06). Regarding HER-2/ neu by TAB250, also a trend was seen towards older age (9/41; 22%; P ¼ 0.2), nonendometrioid (5/15; 33%) vs endometrioid type (6/45; 13%) (P ¼ 0.083), FIGO grade 3 (8/29; 28%; P ¼ 0. 19) , and presence of lymph-vascular invasion (8/31; 26%; P ¼ 0.12). Table 3 shows the distribution of the results with respect to gene copy number and protein expression for HER-2/neu. Adjacent endometrium and stromal cells contained one to five copies, regardless of the occasional finding of scattered and light immunostaining. HER-2/neu overexpression detected by A0485 correlated better with gene amplification (7/8; 88%; Po0.0001) than by TAB250 (5/8; 63%; P ¼ 0.001). In 88% of the cases (n ¼ 52; 45 negative and seven positive) CISH and A0485 staining results were concordant. Seven (12%) showed discordance: one case with low-level amplification was completely negative for antibody staining, but six nonamplified cases were considered positive (four tumours were 2 þ , and two tumours 3 þ ). Concordance between CISH and TAB250 results was observed in 50 (85%) cases: 45 were negative and five positive by both techniques. Among the nine discordant cases (15%), six were nonamplified but the protein was detected (2 þ ); and three amplified cases (two low and one high amplification) showed no protein expression. TAB250 missed more amplified tumours (3/8) than A0485.
Comparison of HER-2/neu Gene Amplification with Protein Expression
All cases with discordant results for CISH and immunohistochemistry, as well as all cases with (2 þ ) HER-2/neu overexpression (either by A0485 or TAB25), were further analysed by FISH (n ¼ 11) (see Table 4 ). Among the 10 (2 þ ) tumours, three showed amplification by CISH and FISH. An additional two cases with low-level amplification (ratio 2 : 5) were detected by FISH, both of nonendometrioid type (papillary serous carcinomas), grade 3, lymph-vascular invasion present, deep myometrial wall infiltration, and patients' age 450 years (see Table 5 ).
Overall, in the present series we detected amplification (by CISH and FISH) in 17% (10 of 59 tumours). It was more frequently found in nonendometrioid tumours (6/15; 40%; P ¼ 0.006), grade 3 (8/29; 28%; P ¼ 0.074), presence of lymph-vascular invasion (7/30; 23%; P ¼ 0.18), and older patients (9/40; 23%; P ¼ 0.09) (see Tables 2 and 5 ). Six cases were classified as false positive by immunohistochemistry. In contrast, one amplified tumour by both assays was immunohistochemically negative (false negative).
Protein Expression of p53 and Ki-67
p53 analysis was satisfactory in 59 tumours. No immunostaining was detected in normal tissues. p53 accumulation (410% þ cells) was detected in 61% (36/59) ( Table 2 and Figure 1c) . It was found more frequently in tumours in FIGO stage III-IV than in those in early stage (I-II) (22/29, 76%; 14/30, 47%; respectively; P ¼ 0.022). Although higher levels of p53 protein were more common in nonendometrioid tumours (67 vs 59%), grade 3 (72 vs 50%), and with deeper invasion of the myometrial wall (65 vs 53%), the results did not reach statistical significance (all P ¼ ns).
Ki-67 overexpression (450% þ cells) in 50% (30/ 60) of the cases (Figure 1d ) was found in tumours of older patients (26/41; 63%; P ¼ 0.002), high grade (20/29; 69%; P ¼ 0.012), in advanced stage (FIGO III-IV) (19/30; 63%; P ¼ 0.039), and 450% invasion of the myometrial wall (16/24; 67%; P ¼ 0.009), and as a trend with nonendometrioid type (10/15; 67%; P ¼ 0.13).
Tumours with p53 accumulation also showed higher levels of Ki-67 (P ¼ 0.01), but no significant 
Survival Analyses
Better outcome (Kaplan-Meier; log-rank) was observed for patients with nonamplified tumours by CISH (44% were alive at the last follow-up) or low-level amplification (six to 10 copies) (33%), compared with patients with highly amplified (410 copies) tumours (0%) (P ¼ 0.036). In addition, longer survival was seen for patients younger than 50 years (P ¼ 0.0001), endometrioid histology (P ¼ 0.024), low FIGO grade (P ¼ 0.0002) and stage (P ¼ 0.0002), superficial myometrial infiltration (Po0.0001), no lymph-vascular invasion (P ¼ 0.0058), and with low levels (o50% positive cells) of Ki-67 protein expression (P ¼ 0.01) ( Figure  2f) . However, only a correlative trend was observed with lack of HER-2/neu protein, either for A0485 (P ¼ 0.14) or for TAB250 (P ¼ 0.13), and no correlation was seen for p53 (P ¼ ns).
Cox analysis revealed age (Po0.0001), FIGO grade (P ¼ 0.004) and stage (P ¼ 0.034), myometrial infiltration (Po0.0001), and presence of lymph-vascular invasion (P ¼ 0.05) to be independent predictors of prognosis. Regarding HER-2/neu gene copy number, we observed still a trend either for the data obtained by CISH (P ¼ 0.12) or including the additional cases by FISH (P ¼ 0.18).
Discussion
In endometrial carcinoma, conventional clinicopathological factors such as FIGO grade and stage, histologic type, lymph-vascular invasion, or depth of myometrial invasion are well-known predictors of prognosis. However, identification of molecular genetic alterations that could add relevant prognostic information to the traditional factors has become one of the goals of recent research in this and other neoplasias. 25, 28 The involvement of HER-2/neu gene has been suggested in several human neoplasias, and it is thought to influence the responsiveness to cytotoxic chemotherapy and prognosis. 2, 8 Several methods have been proved to be useful for the assessment of HER-2/ neu status. 4, 5, 7, [10] [11] [12] [13] Nevertheless, considerable confusion exists with regard to the appropriate method and reagent for testing it in routine clinical practice. 7 Furthermore, most of the methods are beyond the scope of the majority of pathology laboratories due to technical, practical, and economical reasons. 11 Immunohistochemistry is the most widely available method due to its relatively low cost, and it is rapid, easy to perform, and evaluate. However, the accuracy of the results is still questionable. 9 In endometrial carcinoma, immunohistochemical or molecular studies addressing the HER-2/neu protein or gene status, and the prognostic utility of these alterations are limited. In our series, we HER-2/neu in endometrial carcinoma G Peiró et al observed overexpression in 22% of the tumours by A0485 (polyclonal) and in 18% by TAB250 (monoclonal), which are in the lower range reported by other authors (4-69%). This wide variation may be at least in part related to inherent differences of material, as well as antibodies clones, methods of detection, and nonuniform scoring systems among the studies. 10, [18] [19] [20] [21] [22] [23] [24] [25] HER-2/neu overexpression is thought to be the result of gene amplification.
2 FISH analysis, seen as a gold standard method for detecting gene amplification, is considered to be more accurate and quantitatively precise than immunohistochemistry. However, correlation with tissue morphology is difficult due to dark-field visualization, it is time consuming, technically demanding, and more HER-2/neu in endometrial carcinoma G Peiró et al expensive because of the requirement of sophisticated equipment. Thus, it is not considered very practical for routine histopathological laboratories. 11, 15 In contrast, CISH is a new technology that makes the assessment of HER-2/neu gene status by conventional light microscopy possible. The primary goal of our study was to perform a CISH analysis following the method of Tanner et al 16 with minor modifications. Using histological sections of formalin-fixed paraffin-embedded material, and a chromogenic detection system, we were able to identify HER-2/neu gene aberrations in 14% of our cases. The advantages of this assay are direct visualization of gene copies using a bright-field microscope, allowing simultaneous evaluation of the staining and morphology on the same slide, comparison with normal cell population as internal control, the requirement of very little tissue, and no additional equipment. On the other hand, this method can be criticized due to the inability to distinguish true gene amplification from aneusomy, since it does not include a specific probe for the chromosome 17-centromere. Therefore, to avoid this problem, we defined in analogy to the INFORM FISH assay (Ventana Medical Systems, Tucson, AZ, USA) gene amplification by an absolute HER2/neu gene copy number of 45 copies in at least 50% of tumour cells. 16 Recently, Wang et al 33 have indicated that, except in a certain subset of cases, aneusomy 17 probably is not a significant factor for HER-2/neu protein expression. However, McCormick et al 34 have reported in a series of breast carcinoma that chromosome 17 polysomy is frequently associated with (2 þ ) overexpression by immunohistochemistry, suggesting that tumours scored at (2 þ ) should be analysed by a dual-probe FISH assay.
Our lower amplification rate detected by CISH assay (14%) compared with those reported in the literature (17-63%) may be due to the methodology (eg FISH, PCR, dot-blot hybridization), as well as the type of material (isolated nuclei, frozen sections). 10, 20, 21, 23 In a series of breast carcinoma, Tanner et al 16 found that FISH (on fresh tissue), CISH, and immunohistochemistry (on paraffinembedded) correlated well. All tumours with amplification by CISH (17.2%) were also amplified by FISH, but additional amplified cases were detected by FISH (6.4%). However, CISH was performed on paraffin-embedded sections, which is technically more difficult than FISH on fresh frozen tissue. In our analyses performed on paraffin-embedded material for both assays, we detected two additional amplified cases by FISH among those with (2 þ ) overexpression but without amplification by CISH, reaching a final rate of amplification of 17% of the tumours. This suggests that CISH may have a lower sensitivity.
It is noteworthy that Tubbs et al 15 have recently described a technique that allows the simultaneous analysis of HER-2/neu copy number by FISH and protein by using a versatile alkaline phosphatase chromogen visible in either fluorescence or brightfield mode.
Gene amplification correlated significantly with protein expression in our cases, especially in tumours containing 10 or more copies per nucleus. Based on the observation that amplification can be seen in cases (2 þ ), we suggest that the combination of immunohistochemistry and CISH could be useful for the verification of status in inconclusive cases. Further FISH analysis by specialized laboratories can be recommended for (2 þ ) cases without amplification in CISH analysis.
Overall, protein overexpression in nonamplified tumours may represent examples of alterations of the mechanisms for gene expression, 2, 15, 21, 23 or may be due to the high sensitivity of the antibodies.
14 Low-level amplification can be missed in thin histological sections as used in the present study, and may be below the detection level of the CISH assay. On the contrary, complete absence of protein expression in amplified tumours could be the result of an intrinsic feedback loop that limits the expression, as well as loss of tissue antigenicity. 11, 13, 23 Low protein levels of HER-2/neu occasionally seen in normal cyclic and post-menopausal endometrium, with no gene amplification, may be the result of transcription activation.
HER-2/neu expression seems not to be associated with clinicopathologic factors and prognosis in endometrial carcinoma, which agrees well with the present data. 10, 19, 21, 22, 24, 25 However, opposite results have been reported. 18, 23 Nevertheless, and in line with previous data, amplified tumours were more frequent among those of nonendometrioid type, high-grade, lymph-vascular invasion present and older age. 23 Czerwenka et al 10 observed amplification more frequently in complex and atypical hyperplasia than in simple hyperplasia, indicating a potential role in the development of some endometrial carcinomas.
In agreement with previous FISH studies, poor prognosis was seen for our patients with amplified tumours, with the highest levels being associated with the poorest prognosis. 20, 21, 23 We observed groups of patients at different risk of death when they were stratified by stage of the disease, myometrial wall invasion, or lymph-vascular invasion. The data were still nearly significant when the classic clinicopathologic factors were considered in the multivariate analysis. Saffari et al 20 reported that in those women, survival was improved by adjuvant treatment. In several tumour types, and especially in breast carcinoma, amplification of the HER-2/neu oncogene and overexpression of the protein have been also associated with adverse prognostic factors, and outcome, and they predicted the response to some chemotherapeutic regimens. [2] [3] [4] [5] 7, 8, 13 The p53 tumour suppressor gene has been extensively studied in human neoplasia. Alteration of the gene (mutation or/and deletion) or protein accumulation occurs in over 50% of the cases. 26 In HER-2/neu in endometrial carcinoma G Peiró et al the present series, overexpression of p53 was seen in 61% of the tumours. In previous series of endometrial carcinoma, the reported rate is quite variable (15-77%), which may reflect the lack of consensus of the scoring methods among the studies. 17, 19, 22, 24, 25, 27, 28 p53 overexpression has been observed in nonendometrioid type, oestrogen or progesterone receptor-negative tumours, advanced stages, and grade, and therefore associated with more aggressive phenotype. 19, 24, 28 We found an association with advanced stages, but patients' prognosis was not different. 22, 27 Of note, Coronado et al 25 reported worse prognosis in endometrial carcinoma patients whose tumours expressed both p53 and HER-2/neu. For Ito et al, 27 mutation analysis defined more accurately a group of patients with worse prognosis.
It is well known that increased proliferation is responsible for tumour growth. Among proliferation markers, Ki-67 has been suggested to provide additional information regarding clinical course and prognosis. 17, 29, 30 In agreement with previous series, we observed reactivity for Ki-67 in half of our cases, which increased as age, FIGO grade and stage, and myometrial invasion progressed, 28 and as a trend with nonendometrioid type and presence of lymph-vascular invasion. 29 These findings point to a severe deregulation of the cell cycle in cases with more aggressive behaviour and, in fact, our patients had shorter survival. 29, 30 However, data on the prognostic relevance of Ki-67 in endometrial carcinoma are variable. 28 Finally, although our HER-2/neu positive tumours (immunohistochemistry or CISH/FISH) contained frequently high levels of Ki-67 and accumulated p53, which would agree with their role in cell proliferation, 17 the results did not reach significant correlation. 22 In conclusion, our data suggest that HER-2/neu may play a role in the pathogenesis of a subset of endometrial carcinomas. CISH represents a new method of testing for HER-2/neu gene status, which is easy to perform on sections from the original specimen block used for diagnosis, and may complement the initial screening step by immunohistochemistry in routine clinical practice. An additional FISH assay is recommended for selected cases, such as tumours with (2 þ ) overexpression but negative CISH analysis. Although our approach will not eliminate completely false-positive ornegative cases, it is suitable for most of the surgical pathology laboratories. In addition to clinicopathologic factors, the molecular characterization of HER-2/neu gene status will help to predict the clinical behaviour, and it is of potential therapeutic interest.
